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OPN plasma levels in DIO and expression of OPN in adipose tissue. C57BL/6 mice (n = 10/group) were fed a LFD or HFD for 20 weeks. (A) OPN 
plasma levels were analyzed by ELISA and data expressed as mean ± SEM. #P < 0.005. (B) Adipose tissues were isolated and OPN mRNA 
expression was analyzed in whole EWAT, the AF, and the SVF. Data are presented as relative OPN mRNA expression normalized to TFIIB 
mRNA expression and are expressed as mean ± SEM. *P < 0.05, compared with LFD. (C) SVFs isolated from EWATs of obese wild-type mice 
(n = 6) were pooled and separated into macrophages, endothelial cells, and preadipocytes using magnetic immunoaffinity isolation. Cell fractions 
were analyzed for OPN (black bars, left y axis) and CD68 (white bars, right y axis) mRNA expression. Data are presented as mRNA expression 
relative to TFIIB mRNA expression and are expressed as mean ± SEM. **P < 0.01 compared with preadipocyte or endothelial cell fraction. (D) 
Paraffin-embedded EWAT was analyzed for OPN immunoreactivity and F4/80-positive macrophage content. Sections were counterstained with 
hematoxylin and images obtained at the indicated magnifications.
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DIO and body composition in wild-type OPN+/+ and OPN–/– mice. (A) 
Wild-type OPN+/+ (black symbols, n = 12) and OPN–/– (white symbols, 
n = 12) mice were fed a LFD (circles) or HFD (squares). Weight gain 
was followed for 25 weeks and data expressed as mean ± SEM. Body 
composition (fat mass, lean mass, and body mass) before (B) and 
after (C) feeding a HFD (n = 7–8/group) was analyzed in OPN+/+ (black 
bars) and OPN–/– (white bars) mice by quantitative NMR. Data are pre-
sented as mean ± SEM. #P < 0.05, compared with OPN+/+ mice.
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Food intake, energy expenditure, RQ, and locomotor activity of animals in this study
Parameter	 Cycle	 Before	HFD	 After	HFD
	 	 OPN+/+	 OPN–/–	 OPN+/+	 OPN–/–
Food intake (g) Total 10.2 ± 0.7 9.7 ± 1.1 5.7 ± 0.8 6.8 ± 0.7
 Light  3.9 ± 0.6 4.2 ± 0.7 1.5 ± 0.3 2.9 ± 0.5A
 Dark  6.2 ± 0.2 5.5 ± 0.8 4.2 ± 0.8 3.8 ± 0.3
Energy expenditure (kcal/kg) Total 711.5 ± 17.5 733.8 ± 22.5 770.3 ± 16.8 847.4 ± 26.4
 Light  334.1 ± 12.2 346.9 ± 11.2 367.3 ± 8.1 419.2 ± 11.4
 Dark  393.4 ± 7.4 402.6 ± 12.5 419.3 ± 10.7 444.6 ± 16.2
RQ (vCO2/vO2) Total  0.862 ± 0.010 0.876 ± 0.016 0.773 ± 0.011 0.796 ± 0.011
 Light  0.827 ± 0.016 0.836 ± 0.016 0.745 ± 0.016 0.815 ± 0.013A
 Dark  0.900 ± 0.015 0.909 ± 0.016 0.856 ± 0.010 0.847 ± 0.011
Locomotor activity  Total 34,857.1 ± 1,996.1 28,367.1 ± 2,268.5 32,993.4 ± 3,230.1 24,489.4 ± 2,748.5
(light beam breaks) Light  11,994.7 ± 422.1 11,713.5 ± 1,317.2 10,164.1 ± 632.2 6,409.6 ± 568.1
 Dark  22,862.4 ± 1,892.1 16,653.6 ± 1,561.7 21,149.0 ± 2,446.6 17,461.8 ± 1,983.1
OPN+/+ wild-type and OPN–/– mice (n = 7–8/group) were analyzed before (at 8 weeks of age, while on standard chow diet) and after feeding a HFD. Data is 
expressed as mean ± SEM. AP < 0.05, OPN–/– compared with OPN+/+.
Table 2
Metabolic parameters of mice examined in this study
Parameter	 LFD	 P	 HFD	 P	 P	 P
	 OPN+/+	 OPN–/–	 OPN+/+	vs.		 OPN+/+	 OPN–/–	 OPN+/+	vs.		 OPN+/+	LFD		 OPN–/–	LFD		
	 	 	 OPN–/–	 	 	 OPN–/–	 vs.	HFD	 vs.	HFD
Cholesterol (mg/dl) 183.3 ± 11.7 183.4 ± 7.2 0.342 145.3 ± 16.2 166.1 ± 11.1 0.751 0.342 0.227
Triglycerides (mg/dl) 55.1 ± 5.4 77.9 ± 14.5 0.751 112.9 ± 7.9 57.8 ± 5.6 0.009 0.026 0.227
Glucose (mg/dl) 94.4 ± 4.7 101.8 ± 9.3 0.292 113.0 ± 4.3 99.7 ± 5.6 0.044 0.033 0.683
Insulin (pg/ml) 159.1 ± 39.1 183.2 ± 37.1 0.541 1,976.4 ± 425.5 609.6 ± 105.9 0.041 0.023 0.046
Wild-type OPN+/+ and OPN–/– mice were fed a LFD or HFD for 25 weeks. Blood samples were obtained after an overnight fasting period and analyzed. Data 
is presented as mean ± SEM.
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OPN mediates chemotaxis and amplifies monocyte chemoattractant 



































Insulin sensitivity in OPN+/+ and OPN–/– mice. OPN+/+ (black symbols) 
and OPN–/– (white symbols) mice were fed a LFD (dashed lines) or 
HFD (solid lines) for 25 weeks. (A) Insulin sensitivity in these mice 
(n = 6/group) was determined at the end of the feeding period following 
an intraperitoneal injection of insulin (1 U/kg body weight). (B) Glucose 
clearance (n = 6/group) was analyzed following an intraperitoneal chal-
lenge of 1 g/kg body weight glucose. Data are presented as mean 
blood glucose concentration ± SEM. #P < 0.05, OPN–/– compared with 
OPN+/+ mice fed HFD.
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OPN deficiency decreases ATM content in obese mice. (A) ATM content was determined by immunohistochemical analysis of epididymal 
adipose tissues isolated from OPN+/+ and OPN–/– mice fed a LFD or HFD. Adipose tissues were stained using an absorbed rabbit anti-mouse 
macrophage antiserum (original magnification, ×100). (B) Epididymal adipose tissues from obese OPN+/+ and OPN–/– mice were analyzed for 
macrophage content using an F4/80 antibody (magnified as indicated). (C) Macrophage content was quantified by analyzing the fraction of 
F4/80-stained cells relative to total number of cells in epididymal adipose tissue from OPN+/+ (black bars) and OPN–/– (white bars) mice fed a 
LFD or HFD (n = 8/group). Values are expressed as mean ± SEM. (D) Macrophage content was quantitatively assessed by real-time RT-PCR 
for CD68 mRNA expression in EWAT, the AF, and the SVF isolated from OPN+/+ (black bars) and OPN–/– (white bars) mice (n = 12/group) fed 
a LFD or HFD for 25 weeks. Data are presented as relative CD68 mRNA expression normalized to TFIIB mRNA expression and are expressed 
as mean ± SEM. *P < 0.05, HFD compared with LFD; #P < 0.05, OPN–/– mice compared with OPN+/+ mice fed HFD.
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Inflammatory gene expression in adipose tissues from OPN+/+ and 
OPN–/– mice. OPN+/+ and OPN–/– mice were fed a LFD or HFD for 25 
weeks. mRNA expression levels of the indicated inflammatory genes 
were analyzed in EWATs isolated from OPN+/+ (black bars) and OPN–/– 
(white bars) mice fed a LFD or OPN+/+ (dark gray) and OPN–/– mice 
(light gray) fed a HFD (n = 6/group). Data are presented as relative 
mRNA normalized to TFIIB mRNA and expressed as mean ± SEM. 
*P < 0.05, HFD compared with LFD; #P < 0.05, OPN–/– mice compared 
with OPN+/+ mice fed HFD.
Figure 5
Chemotaxis of macrophages isolated from OPN+/+ and OPN–/– mice. (A) 
Peritoneal macrophages from OPN+/+ and OPN–/– mice were subjected 
to chemotaxis assays in modified Boyden chambers. Membranes of 
the transwell chambers were coated either with the substrate poly-D-
lysine (PDL) as control or with recombinant OPN (5 ng/ml). Following 
attachment of the macrophages to the membrane, vehicle or MCP-1 
(50 ng/ml) was added to the media in the lower chamber. Transwell 
migration was analyzed after 2 hours and expressed as cell numbers 
per HPF (×200). Experiments were repeated 4 times in triplicate. Data 
are expressed as mean ± SEM. *P < 0.05 compared with PDL alone; 
#P < 0.05 compared with OPN alone; §P < 0.05 compared with OPN+/+. 
(B) Stromal vascular cells were isolated from epididymal adipose tissues 
harvested from OPN+/+ (black bars) and OPN–/– (white bars) mice fed a 
LFD or HFD for 25 weeks (n = 6/group). Cells were cultured in the bot-
tom chambers, and peritoneal macrophages from wild-type mice were 
added to the insert. Migration was analyzed in triplicate after 2 hours as 
described in A. Data are expressed as mean ± SEM. †P < 0.05, com-
pared with LFD; ‡P < 0.05, compared with OPN+/+ mice fed HFD.
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Plasma cytokine and adipokine levels in OPN+/+ and OPN–/– 
mice. (A) IL-6, MCP-1, and PAI-1 plasma levels were analyzed 
in OPN+/+ (black bars) and OPN–/– (white bars) mice (n = 10/
group) fed either a LFD or a HFD. (B) Plasma adiponectin, 
leptin, and resistin levels were analyzed in plasma obtained 
from mice described in A. Data are presented as mean ± SEM. 
*P < 0.05, compared with LFD; #P < 0.05 compared with OPN+/+ 
mice fed HFD.
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GTCCATAAGGA-3′  (reverse);  IL-6,  5′-CTGCAAGAGACTTCCATC-
CAGTT-3′  (forward),  5′-GAAGTAGGGAAGGCCGTGG-3′  (reverse); 
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